It is very likely that parton energy loss due to the induced gluon radiation caused by multiple scattering [1][2][3][4][5][6][7] plays a major role in suppression of high-p T hadron spectra in heavy-ion collisions observed at RHIC [8, 9]. There is an attractive idea [10] to use this phenomenon (usually called "jet-quenching") to obtain information about the density of hot quark-gluon plasma (QGP) produced in AA -collisions. Such a jet tomographic analysis requires accurate methods for evaluating the induced gluon emission. In recent years, this problem has been attacked from several directions. In [3] (see also [11][12][13]), we have developed a lightcone path integral (LCPI) approach to the induced radiation. The induced gluon spectrum was expressed through a solution of a two-dimensional Schrödinger equation in the impact parameter space with an imaginary potential. This approach accounts for the LandauPomeranchuk-Migdal (LPM) effect [14, 15], finite-size and mass effects which are important for the QGP produced in AA -collisions. In [2, 5], the radiative energy loss was addressed using diagrammatic formalism. Similarly to the LCPI approach, the BDMPS approach [2, 5] expresses the gluon spectrum through a solution of a two-dimensional Schrödinger equation in the impact parameter space. However, the BDMPS formalism applies only in the limit of strong LPM suppression. In this regime, it is equivalent [5, 13] to the approach [3]. The GLV group [6] has developed, within the soft gluon approximation, an approach in momentum space which applies to thin plasmas when the mean number, , of jet scatterings is small, and performed calculations accounting for the N = 1, 2, 3 rescatterings. ¶ This article was submitted by the author in English.
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N
For applications of the formalisms [3, 5, 6 ] to the tomographic analysis of experimental data on AA -collisions, it is important to understand the limits of applicability of these approaches. In the analyses [3, 5, 6 ], the QGP is modeled by a system of Debye screened color centers [1] , and parton scattering is treated in the small-angle approximation. The LCPI [3] and BDMPS [2, 5] approaches, formulated in the impact parameter space, in addition, imply that the integration over the transverse momenta can be extended up to infinity ignoring finite kinematic boundaries. The small-angle approximation for fast partons moving through the medium should work well for parton energy E ӷ µ D , where µ D is the Debye screening mass which plays the role of a natural infrared cutoff and energy scale for parton scatterings in the QGP. For RHIC and LHC conditions, where µ D ~ 0.5 GeV [16] , it means E տ 3-5 GeV. It is, however, not clear whether the approximation of static color centers neglecting recoil effects is adequate for E ~ 5 GeV. For such energies, the kinematic constraints on the momentum transfer q Շ q max , where E th ≈ 3 T is the typical thermal energy of quarks and gluons in the QGP, may be important. The GLV group [6] has reported that the kinematic cutoffs suppress greatly the parton energy loss, ∆ E . Even at E 1 000 µ D for the leading N = 1 contribution to ∆ E for a homogeneous QGP with thickness L ≈ 5 fm, the authors have found the suppression ~0.5, and, for E ~ 10 µ D , they give the suppression ~0.16.
The approaches [3, 5] We study the influence of finite kinematic boundaries on the induced gluon radiation from a fast quark in a finite size quark-gluon plasma. The calculations are carried out for fixed and running coupling constant. We find that, for running coupling constant, the kinematic correction to the radiative energy loss is small for quark energy տ 5 GeV. Our results differ both analytically and numerically from that obtained by the GLV group [6] . However, for soft gluons with x Ӷ 1 (hereafter, x is the gluon fractional momentum), the q max is considerably smaller than for the initial parton. In the present paper, we address the role of the kinematic cutoffs accounting for the running coupling constant and different cutoffs for the initial and final partons. The analysis is performed for the N = 1 scattering which dominates the induced spectrum for RHIC and LHC conditions. We find that, although the difference in the initial and final state cutoffs changes the analytical form of the induced spectrum, numerically the effect is insignificant. For fixed coupling constant, the kinematic corrections become important for E Շ 10-20 GeV, and, for running one, the kinematic effect is small even at E ~ 5 GeV. We find that the kinematic effect is considerably smaller than found in [6].
2.
We consider a fast quark with energy E produced at z = 0 (we choose the z -axis along the momentum of the quark) traversing a medium of thickness L , which eventually splits into a gluon and final quark with the energies xE and (1 -x ) E , respectively. We assume that parton energies are much larger than the thermal quasiparticle masses in the QGP. The N = 1 induced spectrum can be represented in the form
where n ( z ) is the number density of the medium (the summation over the triplet (quark-antiquark) and octet (gluon) color states is implied on the right-hand side of (1)), and d σ BH ( x , z )/ dx is the in-medium ( z -dependent) Bethe-Heitler cross section. It can be written as (2) with J αβ given by (3) where the amplitudes T α diagrammatically are shown in Fig. 1, q and p are the transverse momenta of the t -channel and emitted gluons, respectively. Note that the interference between the double-gluon exchange diagrams (e), (f), (g), (h) and the diagram without gluon exchange (a) is important to ensure unitarity.
The diagrams of Fig. 1 can be evaluated with the help of the ordinary perturbative formula (4) where r is the transverse coordinate, ψ i , f ( r , z ') are the wave functions of the initial and final quarks, and A µ ( r , z ') is the wave function of the emitted gluon (hereafter, we omit the color factors and spin indices). In (4), we do not explicitly indicate the dependence of the wave functions on the position of the scattering center. The quark wave functions using the light-cone spinor basis can be written as (5) where the operator reads
Here, χ j is the quark spinor (normalized to unity), a = γ 0 g , β = γ 0 , and p = -i ∇ ⊥ . The transverse wave function φ j ( r , z ') entering (5) is governed by the two-dimensional Schrödinger equation in which z' plays the role of time (7) where 
